Venlafaxine, a bicyclic phenylethylamine derivative was first introduced in 1993 and its extended-release formulation was approved in 1997, by US FDA\[[@ref1]\]. Venlafaxine and its active metabolite, O-demethylvenlafaxine (ODV) have unique pharmacological effect, which has a dual mechanism of action, a potent inhibitor of the reuptake of serotonin and norepinephrine at central nervous system nerve terminals and lacks significant affinity for muscarinic cholinergic, adrenergic and histaminergic receptors\[[@ref2][@ref3]\].

Venlafaxine is indicated in the treatment of major depressive disorder, generalized anxiety disorder, social anxiety disorder (social phobia) and panic disorder. The safety and efficacy of venlafaxine and ODV for the treatment of depression and anxiety have been well established in published clinical trials\[[@ref4]--[@ref9]\].

After oral administration, at least 92% of a single dose of venlafaxine is absorbed. The absolute bioavailability of venlafaxine is 45%\[[@ref5]\]. Steady-state concentrations of venlafaxine and ODV in plasma are attained within 3 days of oral multiple dose therapy. Venlafaxine and ODV exhibited linear kinetics over the dose range of 75 to 450 mg/ day. Venlafaxine is extensively metabolized in the liver to active metabolite ODV and also to other metabolites. Metabolism of venlafaxine occurs primarily via O-demethylation, which is mediated by CYP2D6 (cytochrome P-450 isozyme), and, to a lesser extent, by N-demethylation, which is mediated by CYP3A4\[[@ref5]\]. When equal daily doses of venlafaxine were administered as either an immediate release tablet or the extended-release capsule, the exposure to both venlafaxine and ODV was similar for the two treatments, and the fluctuation in plasma concentrations was slightly lower with the venlafaxine extended-release (ER) capsule. Venlafaxine extended-release, therefore, provides a slower rate of absorption, but the same extent of absorption compared with the immediate release tablet. Food did not affect the bioavailability of venlafaxine or its active metabolite, ODV\[[@ref4]\]. Time of administration (AM vs. PM) did not affect the pharmacokinetics of venlafaxine and ODV from the 75 mg venlafaxine extended-release capsule\[[@ref4]\]. The T~max~ with venlafaxine extended-release capsule is achieved at 5.5 h for venlafaxine and 9.0 h for ODV\[[@ref5]\]. Renal elimination of venlafaxine and its metabolites is the primary route of excretion\[[@ref5]\] with about 5% of an administered dose excreted in the urine as unchanged drug\[[@ref5]\]. The steady-state half-lives of venlafaxine and ODV are approximately 5 h and 11 h, respectively\[[@ref5]\].

Venlafaxine ER capsules are to be administered orally swallowing the capsule as a whole without crushing, dividing or chewing with food. Alternatively, for patients who have difficulty swallowing the capsule as a whole, the capsule may be opened and the entire contents be sprinkled on a spoonful of applesauce, swallowed immediately without chewing followed by a glass of water to ensure complete swallowing of the pellets.

This study was designed to assess bioavailability between test and reference formulation when the contents of venlafaxine 150 mg ER capsules were sprinkled over applesauce and administered to healthy subjects. Since administration of venlafaxine after a meal can decrease the nausea associated with this drug\[[@ref10]\] , this study was carried out under fed condition as recommended by the Office of Generic Drugs (OGD)\[[@ref11]\], USA.

MATERIALS AND METHODS {#sec1-1}
=====================

Subjects: {#sec2-1}
---------

The present bioequivalence study was conducted in 24 healthy adult male subjects aged between 18-45 years (both inclusive) with body mass index (BMI) of 18-27 (both inclusive) kg/m^2^. All subjects were in good health as evidenced by medical histories, complete physical examination and routine laboratory tests performed within 28 days prior to the commencement of the study. None of the volunteers had history of an allergy to any component of the medication. All the participated subjects gave informed written consent prior to commencement of the study. Subjects did not receive any medication during two weeks period prior to the start of the study. The subjects were instructed during screening not to take any prescription and OTC medications subsequently until the completion of the study. All the subjects abstained from any xanthine-containing food or beverages or alcoholic products for 48 h prior to dosing and throughout the sampling schedule during each period. Smokers and subjects with positive breath alcohol test were excluded from the study.

Study protocol and study design: {#sec2-2}
--------------------------------

The study was carried out in accordance with the clinical research guidelines defined in the US 21 CFR part 312.20, Declaration of Helsinki by the World Medical Association (WMA) General Assembly, Tokyo (2004), Indian Council of Medical Research (ICMR) guidelines, applicable local regulatory guidelines and in-house standard operating procedures. The study protocol was approved by Institutional Ethics Committee before commencement of the study. The study was conducted at Bio-evaluation Centre of Torrent Research Centre, Ahmedabad.

The study was designed as a monocentric, non-blinded, randomized, two-period, two-treatment, two-sequence crossover single dose bioequivalence study under fed conditions. The test product was venlafaxine hydrochloride 150 mg ER capsule of Torrent Pharmaceuticals Ltd., India which was compared with Effexor XR^®^ (containing venlafaxine 150 mg) of Wyeth Pharmaceuticals, USA (reference product). All subjects fasted for 10 h before breakfast and 4 h after study drug administration. A high-calorie, high-fat breakfast (approximately 949 kcal) was served to each subject 30 min before dosing. The test and reference capsules were administered as per SAS generated randomization schedule in each period. A wash out period of 7 days was kept between the two dosing to avoid any carry over effect. A series of blood samples were collected upto 72.0 h for estimation of C~max~ and AUC for both venlafaxine and its active metabolite ODV. However, bioequivalence was proved based on the data of primary analyte venlafaxine as specified in the protocol.

To minimize bias in the study, the following precautions were taken during study execution: a) the treatments were given as per randomization schedule, b) volunteer number was assigned on first come first basis after fulfilling the study requirements, c) a cross over design was chosen in which each volunteer received both the treatments, d) analysts were blinded to the randomization code of the subjects.

Inclusion criteria for subjects: {#sec2-3}
--------------------------------

Subjects who met all of the following criteria were included in the study: (1) Sex: male (2) Age: 18-45 years. (3) Volunteer with BMI of 18-27 (inclusive both) kg/m^2^ with minimum of 50 kg weight (4) Healthy and willing to participate in the study. (5) Volunteer willing to adhere to the protocol requirements and to provide written informed consent. (6). Non-smokers or smoker who smokes less than 10 cigarettes a day.

Exclusion criteria for subjects: {#sec2-4}
--------------------------------

The subjects were excluded from the study who met any of the following exclusion criteria: (1) Clinically relevant abnormalities in the results of the laboratory screening evaluation. (2) Clinically significant abnormal ECG and/or Chest X-ray, (3) Systolic blood pressure less than 100 mm Hg or more than 140 mm Hg and diastolic blood pressure less than 60 mm Hg or more than 90 mm Hg, (4) Pulse rate less than 50/min or more than 100/min. (5) Oral temperature less than 95°F or more than 98.6°F, (6) Respiratory rate less than 12/min or more than 20/min, (7) Addiction to alcohol or history of any drug abuse within the past 2 years, (8) Subjects found positive in breath alcohol test, (9) Recent History of kidney or liver dysfunction, (10) History of allergy to the test drug or any drug chemically similar to the drug under investigation, (11) Administration/ Intake of prescription for two weeks before the study, (12) Administration/ Intake of OTC medication for one week before the study, (13) Subjects suffering from any chronic illness such as arthritis, asthma, (14) HIV, HCV, HBsAg positive subjects, (15) Opioids, tetra hydrocannabinoids, amphetamine, barbiturates, benzodiazepine, Cocaine positive subjects based on urine test, (16) Subjects suffering from any psychiatric (acute or chronic) illness requiring medications, (17) Administration of any investigational products in the period 0 to 3 months before entry to the study, (18) Intake of barbiturates or any enzyme-inducing drug in last three months, (19) History of significant blood loss due to any reason, including blood donation in the past 12 weeks, (20) History of pre-existing bleeding disorder, (21) Existence of any surgical or medical condition, which, in the judgement of the Chief Investigator and/or clinical investigator, might interfere with the absorption, distribution, metabolism or excretion of the drug or likely to compromise the safety of Subjects, (22) Inability to communicate or co-operate due to language problem, poor mental development or impaired cerebral function.

Drug administration and study restrictions: {#sec2-5}
-------------------------------------------

A single oral dose of 150 mg of venlafaxine ER capsule of either test or reference study drug was administered by opening and sprinkling the entire contents of capsule over a spoon containing approximately 5 ml of applesauce just prior to ingestion followed by administration of 240 ml of water in each period, 30 min after standardized high-calorie, high-fat breakfast. The subject was advised not to chew the drug-food mixture but to swallow it completely. A thorough mouth check was done to ensure the drug-food mixture was swallowed by the subject completely. Subjects were seated upright for the first four h following administration of the study drug. They were prohibited from doing any sort of stressful physical activity during the in-house period. Subjects fasted for a period of atleast 4 h after dosing. Fluids were not permitted from 1 h before dosing to 2 h after dosing. Food and fluids were standardized with respect to content and time in both the periods of the study.

Blood sampling and processing: {#sec2-6}
------------------------------

All blood samples were collected in pre-labeled polypropylene tubes containing 5 IU diluted heparin in normal saline for each ml of blood. Samples were collected through an indwelling cannula placed in a forearm vein. The cannula was kept *in situ* as long as possible by injecting about 0.5 ml of 5 IU/ml of heparin in normal saline solution to maintain the cannula patent. The blood samples were withdrawn at pre-dose and at 1.0, 2.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0, 14.0, 16.0, 18.0, 20.0, 24.0, 36.0, 48.0 and 72.0 h post-dose in each period. The allowed deviations for blood sampling were ±2 min for in-house sample (till 24.0 h) and ±1 h for ambulatory samples (36.0, 48.0 and 72.0 h). The blood samples were centrifuged at 2000 rpm for 10 min at 20°. The plasma was separated in pre-labeled polypropylene tubes, and subsequently stored at -70±20° until analysis. After completion of both the periods, the samples were transferred for bio-analysis. The samples received at analytical facility were frozen and in good condition.

Analysis of plasma: {#sec2-7}
-------------------

A LC-MS/MS method for estimation of Venlafaxine and ODV in human plasma was developed and validated. All samples of the same volunteer were measured in a single analytical run in order to eliminate the influence of the inter-assay variance on the assessment. Repeat assay was done wherever required and the same was documented. The analyst involved in assay of venlafaxine and ODV did not have access to randomization schedule.

Pharmacokinetic evaluation: {#sec2-8}
---------------------------

Pharmacokinetic analysis was performed with the data of subjects who completed both the periods of the study using the WinNonlin^®^ software version 5.2\[[@ref12]\]. All concentration values which were below limit of quantification (BLQ) at the initial absorption or at the terminal elimination phase were considered as zero. Missing values (i.e., Sample not submitted or analyzed, BLQ value between two-plasma concentrations, non-reportable value) were not included in the calculation of pharmacokinetic evaluation. The bioequivalence assessment was done with venlafaxine (parent drug), hence, pharmacokinetic parameters of ODV are not discussed.

The following pharmacokinetic parameters were estimated, C~max~: Maximum concentration of drug observed in plasma; AUC~0-t~: Area under the plasma concentration vs time curve from time zero to the last measurable concentration time t calculated using linear trapezoidal method; AUC~0-inf~: Area under the plasma concentration vs time curve from time zero to time infinity calculated as \[AUC~0-t~ + C~t~/Lambda_z\] where C~t~ is the last concentration of the drug; AUC\_%Extrap: Extrapolated AUC percentage of total AUC calculated as (AUC~0-inf~ - AUC~0-t~/AUC~0-inf~)\*100; T~max~: Time required to reach maximum concentration of drug in plasma; Lambda_z (K~el~): Elimination Rate constant; T~1/2~; Time taken by plasma concentration to reduce to 50% during the elimination phase. Non-compartmental method (Model 200 of WinNonlin^®^ 5.2) was used to estimate pharmacokinetic parameters of venlafaxine and ODV.

Statistical analysis: {#sec2-9}
---------------------

Statistical analysis was carried out using SAS^®^ (Version 9.1.3)\[[@ref13]\]. Summary statistics was calculated for concentration-time data of test and reference products for all pharmacokinetic parameters which included arithmetic mean (mean), standard deviation (SD), coefficient of variation (CV%), minimum (min), maximum (max) and median. Analysis of Variance (ANOVA) was performed on the log-transformed data of C~max~, AUC~0-t~ and AUC~0-inf~ for Venlafaxine. The sequence, subject within sequence, period and formulation were considered as sources of variation. The sequence effect was tested using the subject within sequence effect as the error term. The formulation and period effects were tested against the residual mean square error. A probability (*P*) value was derived from Type III sum of squares. The T~max~ for test and reference product was compared by a non- parametric test known as Wilcoxon Signed Rank Test.

The bioequivalence acceptance interval was set at 80.00 to 125.00%. The 90% confidence interval of Test/Reference mean ratio of venlafaxine was computed for the log-transformed pharmacokinetic parameters of C~max~, AUC~0-t~ and AUC~0\ inf~\[[@ref11][@ref14]\].

RESULTS {#sec1-2}
=======

A total of twenty four healthy Asian male subjects aged between 18 to 41 years with BMI in the range of 18.10 to 25.09 Kg/m^2^ were enrolled in the study, out of which twenty three subjects completed both the periods of the study. Hence, the final evaluation was carried out with data of twenty three subjects. The detailed demographic profiles of enrolled subjects are presented in [Table 1](#T1){ref-type="table"}.

###### 

OVERALL DEMOGRAPHIC PROFILES OF ENROLLED SUBJECTS (N=24)

![](IJPhS-73-510-g001)

The Mean plasma concentration-time profile for test and reference product of venlafaxine on linear and semilog scale is shown in [fig. 1](#F1){ref-type="fig"}.

![Mean plasma concentration-time profile for venlafaxine on logarithimic scale (N=23)\
![](IJPhS-73-510-g002.jpg) Test, ![](IJPhS-73-510-g003.jpg) Reference](IJPhS-73-510-g004){#F1}

The pharmacokinetic parameter of venlafaxine is given in [Table 2](#T2){ref-type="table"}. The mean±SD C~max~ for test and reference product was 139.961±42.432 ng/ml and 129.7224±43.06998 ng/ml, respectively. The mean AUC~0-t~±SD for test product was 2590.307±1146.010 (h.ng/ml) and for reference product was 2291.412±1036.414 (h.ng/ml). The mean±SD half life (t~1/2~) for test and reference product was 7.5599 h and 7.8143 h, respectively. The median time to reach maximum plasma concentration was 8 h for test product and 7 h for reference product. The mean AUC% extrapolation was 2.5233 and 2.7762 for test and reference, respectively.

###### 

PHARMACOKINETIC PARAMETERS OF VENLAFAXINE (N=23)

![](IJPhS-73-510-g005)

Bioequivalence assessment: {#sec2-10}
--------------------------

The bioequivalence assessment was done with 23 subjects who completed the study. Ratio analysis of untransformed and difference of log transformed primary pharmacokinetic parameters \[C~max~, AUC~0-t~ and AUC~0-inf~\] for test and reference formulation were calculated for venlafaxine. The percentage geometric least square mean (LSM) ratio of test and reference values was expressed as point estimates of relative bioavailability. The Geometric LSM ratio and 90% confidence interval of venlafaxine are presented in [Table 3](#T3){ref-type="table"}.

###### 

GEOMETRIC LEAST SQUARES MEAN (LSM) RATIO AND 90% CONFIDENCE INTERVAL FOR VENLAFAXINE
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Average bioequivalence was evaluated based on the 90% CI for the intra-individual mean ratio of log-transformed C~max~, AUC~0-t~ and AUC~0-inf~ of the test to the reference formulation. The 90% confidence interval for venlafaxine log transformed C~max~, AUC~0-t~ and AUC~0-inf~ was 101.38 to 115.10 with a ratio of 108.03%, 106.07 to 119.78 with a ratio of 112.72% and 105.82 to 119.44 with a ratio of 112.42% respectively. Hence, all pharmacokinetic parameters are within the accepted bioequivalence range 80.00-125.00% for C~max~, AUC~0-t~ and AUC~0-inf~ of venlafaxine.

The log-transformed pharmacokinetic parameters C~max~, AUC~0-t~ and AUC~0-inf~ of venlafaxine were subjected to analysis of variance (ANOVA) with the main effects of sequence, formulation and period at 5% level of significance ([Table 4](#T4){ref-type="table"}).

###### 

ANOVA RESULTS OF VENLAFAXINE
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Safety evaluation: {#sec2-11}
------------------

There were no serious adverse events reported in this study. Total 24 subjects were included in safety evaluations who were dosed at least once. Out of twenty four subjects dosed in both the periods, two adverse events (nausea and vomiting) were reported following the administration of test drug. Both the adverse events were mild in nature and resolved completely without any medication. There were no significant changes in pre-study and post-study laboratory evaluation in any of the volunteers.

DISCUSSION {#sec1-3}
==========

The FDA defines bioequivalence as the absence of a significant difference in the rate and extent to which the active ingredient or active moiety in pharmaceutical equivalents or pharmaceutical alternatives becomes available at the site of drug action when administered at the same molar dose under similar conditions in an appropriately designed study. To meet the regulatory criterion for bioequivalence, the 90% CIs for the ratio of the geometric LSM of C~max~, AUC~0-t~, and AUC~0-inf~ between products should fall within the confidence-interval from 80.00 to 125.00%\[[@ref14][@ref15]\].

The reference formulation, Effexor XR^®^ is launched in USA since 2007 by Wyeth Pharmaceuticals Inc., USA. It is recommended by the innovator that Effexor XR^®^ capsule should be swallowed whole with fluid and not divided, crushed, chewed, or placed in water. Alternatively, it may be administered by carefully opening the capsule and sprinkling the entire contents on a spoonful of applesauce\[[@ref5]\]. To provide such similar method of administration for test formulation, it is necessary to show both test and reference formulations are bioequivalent when administered with applesauce.

Although several studies have been published about venlafaxine pharmacokinetics, none of the published studies focused on the proof of bioequivalence between two products under similar administration method.

This present research work was planned and conducted as a non-blinded, randomized, single dose two-period, two-treatment, crossover bioequivalence study under fed conditions in healthy male subjects. Only male volunteers were enrolled to have a homogeneous population group. Prior consent was obtained from all subjects who participated in the study.

A total of 24 subjects were enrolled in the study out of which 23 subjects completed the study as per protocol. One volunteer was medically withdrawn from the study due to adverse event. Blood sampling was done up to 72.0 h after dosing which was adequate for profiling of pharmacokinetic parameters as evident from AUC. Wash out period of seven days between the two periods was sufficient for this study since there was no carryover effect observed in any subject. Plasma concentrations of venlafaxine and ODV were determined by a validated LC-MS/MS method in accordance with GLP requirements. As per regulatory requirement, only venlafaxine was taken for bioequivalence assessment.

The mean±SD values of C~max~, AUC~0-t~ and AUC~0-inf~ for test and reference formulations were comparable. The T~max~ were compared for test and reference using non-parametric-Wilcoxon Signed Rank test for venlafaxine. The t~1/2~ of test (median 8 h) and reference formulation (median 7 h) was comparable. The extent of absorption (AUC) was covered more then 95% as evident from mean AUC% extrapolation ([Table 2](#T2){ref-type="table"}).

The 90% confidence interval of the mean ratios (test/reference) for log-transformed C~max~, AUC~0-t~ and AUC~0-inf~ were 101.38 to 115.10, 106.07 to119.78 and 105.82 to 119.44, respectively, which are falling within the prescribed bioequivalence range i.e., 80.00-125.00%. The results of the present study clearly revealed that the two formulations are comparable with respect to the rate and extent of absorption when the capsule contents are administered by sprinkling over applesauce in healthy subjects under fed condition according to USFDA requirement. Further, both the formulations were well tolerated on single dose administration.

Since the generic formulation (test) of Torrent is bioequivalent with the innovator formulation (Effexor^®^ 150 mg, reference) of Wyeth pharmaceuticals, USA, when administered with applesauce. Hence both the formulations can be interchanged without compromising therapeutic efficacy and safety. This alternative mode of administration will help to those populations who can not swallow the capsule as a whole.

This study was conducted at Torrent Research Centre, Ahmedabad, India.
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